Background: Serum very low density lipoprotein (VLDL) levels increase during the early stages of insulin resistance; therefore, determination of VLDL levels would be useful for evaluating the progression of metabolic syndrome and diabetes mellitus. The aim of this study was to clarify the clinical utility of triglyceride in VLDL (VLDL-TG) level, determined using a homogeneous assay kit (Shino-test Corporation, Tokyo, Japan), as an index of insulin resistance. Methods: We enrolled 74 subjects in this study (diabetic subjects, n = 42; nondiabetic subjects, n = 32). The levels of VLDL-TG, remnantlike lipoprotein particle cholesterol, preheparin lipoprotein lipase mass, and other biochemical markers were determined.
Results: VLDL-TG levels were significantly higher in the diabetic group (1.04 ± 0.84 mmol/l vs. 0.64 ± 0.42 mmol/l, P < 0.01) than in the nondiabetic group. In the nondiabetic group, VLDL-TG was significantly correlated with the homeostasis model assessment of insulin resistance (HOMA-IR), the index for insulin resistance (r = 0.513, P = 0.003). VLDL-TG levels, but not TG levels, were higher in the highest quartile (HOMA-IR) of the nondiabetic group. Conclusion: VLDL-TG level was a useful early marker for insulin resistance, especially in nondiabetic subjects. The homogeneous VLDL-TG assay is a simple, low-cost method for determining insulin resistance.
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INTRODUCTION
Insulin resistance is associated with plasma lipid abnormalities including low level of high-density lipoprotein (HDL), hypertriglyceridemia, and excessive postprandial lipemia (1) (2) (3) . These atherogenic lipid abnormalities develop prior to other diabetic symptoms such as elevated blood glucose. Insulin resistance is an important clinical marker for early detection and follow-up of type-2 diabetes mellitus (4, 5) . The early stage of insulin resistance is characterized by dyslipidemia and elevated triglyceride (TG) in very low density lipoprotein (VLDL-TG; (6)). VLDL plays a critical role in the transport of endogenous lipids, including TG and cholesterol, which are synthesized in the liver (7) . VLDL synthesis is inhibited by insulin signaling, but this inhibition is disrupted in insulin resistance (8) . Increased free-fatty acid in the liver promotes VLDL synthesis in insulin resistance (9) . Furthermore, hyperinsulinemia caused by insulin resistance induces the expression of sterol regulation element binding protein-1c, a transcription factor related to lipid synthesis, thereby accelerating lipogenesis in the liver (10, 11) . Many groups have reported the association between insulin resistance and hypersecretion of VLDL (12) (13) (14) . VLDL-TGs are hydrolyzed by lipoprotein lipase (LPL), resulting in the transformation of VLDL to low-density lipoprotein (LDL; (15, 16) ). Insulin has an indirect influence on VLDL-TG levels in serum because LPL activity is regulated by insulin (17, 18) . Postheparin LPL activity or preheparin LPL mass levels in serum are inversely correlated with insulin resistance (19, 20) .
Generally, fasting insulin levels in blood and homeostasis model assessment of insulin resistance (HOMA-IR), which are calculated from the fasting insulin and blood glucose levels, are used as indices of insulin resistance. Fasting insulin and HOMA-IR are measured only in diabetic patients and are not used as screening tools in healthy individuals. Conversely, many would argue that insulin resistance may lead to (and appears to be predictive of) type-2 diabetes (21-23). A readily measurable index of insulin resistance should be developed for early detection and screening of diabetes mellitus.
VLDL-TG is typically measured by ultracentrifugation (24) and agarose gel electrophoresis (25) . There are few opportunities to measure VLDL-TG in clinical practice because these methods are too complex for most clinical settings. However, a homogeneous method for VLDL-TG was recently developed (26) . The aim of this study was to clarify the clinical utility of VLDL-TG, determined using the homogeneous kit, as an index of insulin resistance. The relation between lipid biomarkers, including VLDL-TG levels and HOMA-IR, was analyzed in diabetic and nondiabetic subjects.
MATERIALS AND METHODS

Subjects
Seventy-four subjects were enrolled (diabetic subjects, n = 42; nondiabetic subjects, n = 32). All the subjects provided informed consent and the protocol was approved by the Kitasato University Medical Ethics Committee (B10-44). Diabetic subjects had high fasting plasma glucose (FPG; >7.0 mmol/l) and/or high hemoglobin A 1c (HbA 1c ; >6.5%). Nondiabetic subjects had normal FPG, normal HbA 1c , and were not on any medications. We excluded patients with type-1 diabetes and those who were undergoing insulin therapy. Other exclusion criteria included hemoglobinopathy, hepatic disorder, renal dysfunction, and serious systemic disease such as acute/chronic inflammations and malignancies.
Biochemical Assays
In each subject, the following biochemical markers were determined after an overnight fast: FPG, HbA 1c , fasting insulin, total cholesterol (TC), cholesterol in remnantlike lipoprotein particle (RLP-C), TG, HDL cholesterol (HDL-C), and LDL cholesterol (LDL-C). RLP-C levels were determined by a detergent-based method (MetaboLead RemL-C, Kyowa Medex Co., Ltd., Tokyo, Japan). The serum samples were analyzed on a Hitachi Autoanalyzer 7600 (Hitachi, Tokyo, Japan). HOMA-IR was calculated from fasting glucose and insulin levels using the formula HOMA-IR = FPG × fasting insulin/22.5 (27) .
Determination of VLDL-TG Using the Homogeneous Assay
The homogeneous assay kit for VLDL-TG was provided by Shino-test Corporation (Tokyo, Japan). The assay was performed according to the manufacturer's instructions. In this method, a specific combination of surfactants plays a key role in stabilizing the polar lipids of VLDL and intermediate-density lipoprotein (IDL) via exclusive interaction with the apolipoprotein. Therefore, the VLDL-TG level determined using this kit also includes the TG levels in IDL.
Preheparin LPL Mass Assay
LPL mass in preheparin serum was measured by the sandwich enzyme-linked immunosorbent assay using a specific monoclonal antibody against bovine milk LPL (28). A commercial kit from Sekisui Medical (Tokyo, Japan) was used according to the manufacturer's instructions. The primary antibodies specifically bind human LPL, but not hepatic lipase. Without any pretreatment, diluted serum samples were incubated with the monoclonal antibody against bovine milk LPL coated on the wells for 2 h. The trapped LPL was incubated with chicken polyclonal antibody against bovine LPL for 1 h, and then with horseradish peroxidase-labeled antibodies. Finally, LPL was detected with substrate solution at 492 nm. The coefficients of variation within and between runs were <6% and <10%, respectively.
Statistics
Significant differences between the diabetic and nondiabetic group were determined by Student's unpaired t-test or Mann-Whitney U-test. Significant differences within lipid parameters in the nondiabetic group were determined using one-way ANOVA and the Steel-Dwass multiple comparison posttest analysis. The relationships between variables were analyzed using Spearman's correlation coefficient. Ky Plot 5.0 (Kyens Lab, Inc., Tokyo, Japan) was used for all analyses. Significance was set at P < 0.05. Results are expressed as the mean ± SD.
RESULTS
Clinical Characteristics of the Study Subjects
Biochemical characteristics in serum were compared between the diabetic and nondiabetic groups ( Table 1) . As expected, FPG, HbA 1c , fasting insulin, and HOMA-IR were higher in the diabetic group than in the nondiabetic group. TG and RLP-C was significantly higher and HDL-C was significantly lower in the diabetic group than those in the nondiabetic group. Serum VLDL-TG and LPL mass levels significantly differed between groups. There were no significant differences in TC and LDL-C. 
Correlation Between HOMA-IR and Lipid Parameters Containing VLDL-TG in Nondiabetic and Diabetic Subjects
We analyzed the relationship between HOMA-IR and each lipid parameter in both groups (Table 2 ). In the nondiabetic group, VLDL-TG, TG, HDL-C, and RLP-C were significantly correlated with HOMA-IR. In the diabetic group, on the other hand, only HDL-C was negatively correlated with HOMA-IR. Serum LPL mass levels were negatively correlated with HOMA-IR in the diabetic group, but not in nondiabetic group.
Relationship Between HOMA-IR Index and Lipid Parameters in Nondiabetic Subjects
Nondiabetic subjects were separated into four groups based on HOMA-IR (group I, 0.28-0.69; group II, 0.71-1.04; group III, 1.17-1.78; group IV, 3.11-5.14; Supporting Information Table 1) , and their serum lipid parameters were examined. In the highest quartile (group IV), VLDL-TG concentrations were 162% higher (P < 0.05) than in the group I, whereas TG and RemL-C did not show a significant increase (84% and 104% increase, respectively; Fig. 1 ).
DISCUSSION
VLDL-TG in serum is correlated to the development of cardiovascular disease (29, 30) and insulin resistance. In this study, we analyzed the relationship between VLDL-TG levels determined using a new homogeneous kit and HOMA-IR, the index of insulin resistance. 78, group III; 3.11-5.14, group IV) in nondiabetic subjects is shown. Each lipid level was determined using enzymatic assay kits. Results are expressed as the mean ± SD *, P < 0.05.
Serum VLDL-TG levels were significantly higher in the diabetic subjects than in the nondiabetic subjects. However, a major limitation of this study is that the maleto-female ratios of the two studied groups differed considerably. Interestingly, VLDL-TG levels were positively correlated with HOMA-IR in the nondiabetic group. For early detection of potential diabetes, it is important to identify insulin resistance in nondiabetic individuals. We assigned the nondiabetic subjects to four categories according to their HOMA-IR; subjects with high HOMA-IR had higher levels of VLDL-TG than those with low HOMA-IR. Thus, VLDL-TG was the most useful marker of insulin resistance in persons with normal FPG and HbA 1c . While insulin-resistant patients with normoglycemia have increased secretion of basal VLDL in the liver and decreased ability of insulin to inhibit VLDL synthesis, they have normal insulin inhibition of endogenous glucose secretion (31) . This suggests that elevation in VLDL-TG levels occurs earlier than in FPG and HbA 1c in nondiabetic subjects with insulin resistance. In the diabetic group, HOMA-IR showed no correlation with lipid parameters, including VLDL-TG. Because the pancreas appropriately augments its secretion of insulin to offset insulin resistance in diabetic patients, the beta-cell fails to maintain its high rate of insulin secretion (32) . Therefore, serum insulin levels do not properly reflect the condition of insulin resistance in diabetic patients.
Serum LPL mass levels are negatively correlated with insulin sensitivity (19, 20) . In this study, LPL mass was significantly correlated with HOMA-IR in the diabetic group, but not in the nondiabetic group. The increase of VLDL-TG in insulin resistance was caused not only by the decreased lipolysis of TG by LPL, but also by the enhanced secretion of VLDL in the liver. It would appear that enhanced secretion of VLDL-TG in the liver precedes decreased lipolysis of TG by LPL in insulin resistance.
Measuring VLDL-TG levels is less susceptible to the effects of food intake than TG, fasting insulin, and FPG. Total TG concentrations increased by 247% 4 h after consuming a fatty meal, whereas VLDL-TG concentrations increased by 176% (26) . It is difficult to control patients for accurate test by restricting their food consumption. Thus, a method that is unaffected by dietary habits is important for a good screening test.
In conclusion, VLDL-TG was significantly correlated with HOMA-IR in nondiabetic subjects. Previous indices for insulin resistance have several limitations, primarily in their complexity and cost. The homogeneous VLDL-TG assay is a simple, low-cost method for determining insulin resistance in comparison with fasting insulin, HOMA-IR, and LPL mass. VLDL-TG levels should be evaluated in healthy subjects as a screening tool for early detection of insulin resistance.
